






Abstract7KLV SDSHU SURYLGHV DQ H[SORUDWLRQ RI WKH
FKDOOHQJHV IDFHG E\ KLJKHU HGXFDWLRQ LQVWLWXWLRQV +(,V LQ WKH
8QLWHG .LQJGRP LQ WKH FRQWH[W RI UHGXFWLRQV LQ WKH OHYHO RI
SXEOLF IXQGLQJ DORQJ ZLWK LQFUHDVHG FRPSHWLWLRQ ERWK RQ D
QDWLRQDODQGLQWHUQDWLRQDOOHYHO7KLVFRPSHWLWLYHODQGVFDSHKDV
EHHQ UHYLHZHG WKURXJK DQDO\VLV RI VXSSRUWLQJ GDWD DQG
LQIRUPDWLRQLQRUGHUWRLGHQWLI\WKHXQGHUO\LQJWUHQGVLPSDFWLQJ
+(,V DV ZHOO DV WKH HPHUJLQJ RSSRUWXQLWLHV HVSHFLDOO\ LQ WKH
FRQWH[W RI UHVHDUFK WHFKQRORJ\ GHYHORSPHQW DQG LQGXVWULDO
HQJDJHPHQW  $Q H[WHQVLYH OLWHUDWXUH UHYLHZ KDV EHHQ FDUULHG
RXW DQG ZDV XVHG DV WKH EDVLV IRU ZRUN GRPDLQ DQDO\VLV
LQYROYLQJ D VWUXFWXUHG SURFHVV PHWKRGRORJ\ WR FDSWXUH WKH
GRPDLQ VSHFLILF GULYHUV WKDW FRQWULEXWH WR DFDGHPLF VWUDWHJ\
GHYHORSPHQW HVSHFLDOO\ UHODWLQJ WR VFLHQFH DQG HQJLQHHULQJ
DUHDV  6XEVHTXHQWO\ VWUDWHJLF RSWLRQV IRU RSHUDWLQJ LQ WKLV
ODQGVFDSH KDYH EHHQ V\QWKHVL]HG DFFRUGLQJ WR WKH UHVHDUFK
HGXFDWLRQ DQG NQRZOHGJH H[FKDQJH FDSDELOLWLHV RI +(,V  7KLV
VWUDWHJ\ GHYHORSPHQW LQFOXGHV GLVFXVVLRQ RI D QXPEHU RI
SUDFWLWLRQHURULHQWHG VWUDWHJLF RSWLRQV WKDW PD\ EH DGRSWHG E\
+(,V WR VXSSRUW WKH HVWDEOLVKPHQW RI OHDGLQJ RUJDQL]DWLRQDO





+LJKHU HGXFDWLRQ LQVWLWXWLRQV +(,V DUH RI IXQGDPHQWDO
LPSRUWDQFH WR WKH PRGHUQ ZRUOG DV WKH\ DUH UHVSRQVLEOH IRU
FUHDWLQJ NQRZOHGJH GHYHORSLQJ VNLOOV DQG FRPSHWHQFLHV IRU
WKH ZRUNIRUFH DQG JHQHUDWLQJ YDOXH WKDW XQGHUSLQV PRGHUQ
VRFLHW\>@8QLYHUVLWLHVDUHDEOHWRDFWDVHQJLQHVIRUJURZWK
>@WKURXJKGULYLQJIRUZDUGLQQRYDWLRQDQGKHOSLQJWRVXSSRUW
HFRQRPLF WUDQVIRUPDWLRQ DV ZHOO DV SURYLGLQJ RSSRUWXQLWLHV
IRULQYHVWPHQWDQGSDUWQHULQJZLWKLQGXVWU\&OHDUO\WKHUHDUH
VLJQLILFDQW NQRZOHGJH DQG HFRQRPLF EHQHILWV >@ EXW
XQLYHUVLWLHV GR RI FRXUVH EHQHILW VWXGHQWV ZKR DUH DEOH WR
GHYHORSVNLOOVDQGTXDOLILFDWLRQVWKDWDOORZWKHPWRXQGHUWDNH
JUDGXDWHDQGSRVWJUDGXDWHMREVUHTXLULQJVXFKDQHGXFDWLRQDV
ZHOO DV UHVHDUFKHUV DQG DFDGHPLF VWDII ZKR DUH DEOH WR
FRQGXFW UHVHDUFK DW XQLYHUVLWLHV  8QLYHUVLWLHV SURYLGH WKH
HGXFDWLRQ WKDW DOORZV LQGLYLGXDOV WR HQWHUSURIHVVLRQVZKHUH
WKH\ FDQ GHOLYHU FULWLFDO SXEOLF VHUYLFHV VXFK DV KHDOWKFDUH
HGXFDWLRQVRFLDODQGJRYHUQPHQWERWKUHJLRQDODQGFHQWUDO
ZRUN  )XUWKHUPRUH DQG LQ WKH 8QLWHG .LQJGRP 8. LQ
 LW KDV EHHQ HVWLPDWHG WKDW XQLYHUVLWLHV JHQHUDWHG
DSSUR[LPDWHO\ ca ELOOLRQ RI HFRQRPLF RXWSXW >@  7KLV
DQDO\VLV DOVR IRXQG WKDW XQLYHUVLWLHV DUH UHVSRQVLEOH IRU
VXSSRUWLQJ LQ H[FHVV RI ca  MREV LQ WKH 8. HLWKHU
GLUHFWO\ RU LQGLUHFWO\ DQG LQ PDQ\ UHJLRQV XQLYHUVLWLHV DUH
RIWHQWKHPDMRUHPSOR\HUDQGWKHUHE\KDYHDVWDELOL]LQJDQG
SRVLWLYH HFRQRPLF LPSDFW RQ WKH UHJLRQ DQG WKH ORFDO
LQKDELWDQWV
,QUHJDUGWRLQGXVWULDOLQWHUDFWLRQVXQLYHUVLWLHVDUHDEOHWR




DV QXFOHDU SRZHU DGYDQFHG PDQXIDFWXULQJ VXFK DV
DHURVSDFHDQGDXWRPRWLYHDVZHOODVWKHFUHDWLYHGLJLWDODQG
UHODWHG KLJK WHFK VHFWRUV  8QLYHUVLWLHV DUH WKHUHIRUH DEOH WR
JHQHUDWH UHVHDUFKRXWSXWV FRQWULEXWH WR WKH LGHDWLRQ SURFHVV
IRU QHZ WHFKQRORJLHV DQG SURYLGH WKH KLJKO\ VNLOOHG




DUH DFFRPSDQLHG E\ DULVLQJ RSSRUWXQLWLHV VXFK DV WKRVH
UHODWHG WR QHZ LQIRUPDWLRQ DQG FRPPXQLFDWLRQV WHFKQRORJ\
,&7SURYLVLRQWKHSXUVXLWRIQHZVFLHQWLILFWHFKQRORJ\DQG
HQJLQHHULQJ UHVHDUFK DUHDV DV ZHOO DV LVVXHV DURXQG KRZ
WHFKQRORJ\ FDQEHVW EH LPSOHPHQWHG WR LPSURYH WKH VWXGHQW
H[SHULHQFH DQG WDFNOLQJ WKH QHHG IRU LPSURYHG WKH
HIILFLHQFLHV DFURVV ODUJH DQG FRPSOH[ XQLYHUVLW\
RUJDQL]DWLRQV
&RQVHTXHQWO\ WKLV SDSHU ZLOO H[SORUH VRPH RI WKH
XQGHUO\LQJWUHQGVLPSDFWLQJDFDGHPLF LQVWLWXWLRQVLQ WKH8.
DQG EXLOG RQ WKH SRVLWLRQ WKURXJK H[DPLQLQJ VRPH RI WKH
HPHUJLQJRSSRUWXQLWLHVHVSHFLDOO\ LQ WKHFRQWH[WRIUHVHDUFK
WHFKQRORJ\ GHYHORSPHQW DQG LQGXVWULDO HQJDJHPHQW  7KLV
DFDGHPLF LQVWLWXWLRQDO ODQGVFDSH ZLOO EH UHYLHZHG WKURXJK
DQDO\VLV RI VXSSRUWLQJ GDWD DQG LQIRUPDWLRQ DOORZLQJ
VWUDWHJLHV IRU RSHUDWLQJ LQ WKLV DUHQD WR EH V\QWKHVL]HG
DFFRUGLQJWRWKHUHVHDUFKHGXFDWLRQDQGNQRZOHGJHH[FKDQJH
PLVVLRQV RI +(,V  7KH SDSHU ZLOO LQFOXGH GLVFXVVLRQ RI D
QXPEHURIVWUDWHJLFRSWLRQV WKDWPD\EHDGRSWHGE\+(,V WR
VXSSRUW WKH HVWDEOLVKPHQW RI OHDGLQJ RUJDQL]DWLRQDO





A. Financial and economic landscape for universities 
7KH8.DFDGHPLFODQGVFDSHLQFOXGHVDGLYHUVHFROOHFWLRQ
RI RYHU  XQLYHUVLWLHV WKDW SURYLGH XQGHUJUDGXDWH DQG LQ
PDQ\FDVHVSRVWJUDGXDWH OHYHOHGXFDWLRQ  ,QFRPPRQZLWK
PDQ\RWKHUFRXQWULHVWKHUHDUHXQLYHUVLWLHVWKDWKDYHDPDLQO\
HGXFDWLRQIRFXVHGUHPLWDQGWKHUHDUHRWKHUV WKDW LQDGGLWLRQ
WR HGXFDWLRQ DOVR XQGHUWDNH UHVHDUFK DQG WKHVH ODWWHU
XQLYHUVLWLHV DUH RIWHQ GHVFULEHG DV EHLQJ UHVHDUFKLQWHQVLYH
8QLYHUVLWLHV DUH DOVR DEOH WR XQGHUWDNH RWKHU DFWLYLWLHV
VRPHWLPHV UHIHUUHG WR DV µWKLUG VWUHDP DFWLYLWLHV¶ ZKLFK
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LQFOXGHV XQGHUWDNLQJ ZRUN VXFK DV UHVHDUFK FRQVXOWDQF\
WHVWLQJRURWKHUVHUYLFHV IRU LQGXVWULDOFRPSDQLHVDVZHOODV
RWKHU FRPPHUFLDO DFWLYLWLHV VXFK DV HQJDJLQJ LQ WKH
GHYHORSPHQW RI LQWHOOHFWXDO SURSHUW\ ,3 WKURXJK VSLQRXW
FRPSDQ\ IRUPDWLRQ DQG WKH QHJRWLDWLRQ RI OLFHQVLQJ
DJUHHPHQWVZLWK FRPSDQLHV 7KLV WKLUG VWUHDPRIZRUN FDQ
EH YLHZHG DV NQRZOHGJH H[FKDQJH RU WKH WUDQVODWLRQ RI
UHVHDUFK DQG NQRZOHGJH LQWR ZLGHU YDOXH WKURXJK SURYLGLQJ
FRPPHUFLDOVRFLHWDORURWKHUVXFKEHQHILWV
8QLYHUVLWLHVWHQGWREHIXQGHGIURPDQXPEHURIGLIIHUHQW
VRXUFHV LQFOXGLQJ JRYHUQPHQWDO ZKLFK FDQ EH WKURXJK VR
FDOOHG EORFN JUDQWV DV ZHOO DV IURP VSHFLILF FRQWUDFWV RU
JUDQWVDVZHOODVRWKHUVRXUFHVVXFKDVFKDULWLHVFRPSDQLHV
DQG IURP LQGLYLGXDO VWXGHQW WXLWLRQ IHHV  )URP DQ
LQWHUQDWLRQDOSHUVSHFWLYHGDWDFDQEHFRQVLGHUHGRQWKHOHYHO
RILQYHVWPHQWWKDWXQLYHUVLWLHVUHFHLYHDVSDUWRIDFRPSDULVRQ
EHWZHHQ GLIIHUHQW FRXQWULHV  $FFRUGLQJO\ )LJ  SURYLGHV
UHODWLYH QDWLRQDO H[SHQGLWXUH OHYHOV IURP  RQ WHUWLDU\
HGXFDWLRQ LH SRVWVHFRQGDU\ VFKRRO HGXFDWLRQ LQFOXGLQJ
XQLYHUVLWLHV DQG IXUWKHU HGXFDWLRQ FROOHJHV IRU 2(&'
2UJDQL]DWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW
FRXQWULHVDVDSHUFHQWDJHRI*'3*URVV'RPHVWLF3URGXFW





*'3 UHVSHFWLYHO\  'LIIHUHQW FRXQWULHV ZLOO RI FRXUVH KDYH
WKHLU RZQ QDWLRQDO OHYHO SULRULWLHV WRZDUGV H[SHQGLWXUH RQ
XQLYHUVLWLHV EXW WKLV GDWD XQGHUVFRUHV KRZ WKH IXQGLQJ
HQYLURQPHQW IRU XQLYHUVLWLHV YDULHV LQWHUQDWLRQDOO\ DQG





 >@ DFFRUGLQJ WR GDWD IURP +(6$ +LJKHU (GXFDWLRQ
6WDWLVWLFV$JHQF\5RXJKO\DWKLUGRIWKHRYHUDOOLQFRPHLV
IURP WXLWLRQ IHHV DQG HGXFDWLRQ FRQWUDFWV  ZKLFK LV
SURYLGHGIURPJRYHUQPHQWVXSSRUWDQGDOVRIURPWXLWLRQIHHV
,QFRPH DOVR LQFOXGHV IXQGLQJ ERG\ JUDQWV UHVHDUFK JUDQWV
DQGFRQWUDFWVWKDWFROOHFWLYHO\DFFRXQWVIRUQHDUO\KDOIRIWKH
WRWDO)XUWKHULQFRPHIURPRWKHUVRXUFHVDFFRXQWVIRU
DURXQG D ILIWK RI WKH WRWDO  DQG ILQDOO\ LQFRPH IURP
HQGRZPHQWV DQG GRQDWLRQV LV DW D YHU\ VPDOO OHYHO 
&OHDUO\ RYHUDOO WKLV UHSUHVHQWV D VLJQLILFDQW OHYHO RI IXQGLQJ
EXW WKH ILQDQFLDO SLFWXUH LV FRPSOLFDWHG E\ D QXPEHU RI
XQGHUO\LQJWUHQGVEHKLQGWKLVGDWD
2QHVXFKWUHQGLVWKHUHGXFWLRQLQEORFNJUDQWIXQGLQJWKDW
8. XQLYHUVLWLHV UHFHLYH IURP +()&( +LJKHU (GXFDWLRQ
)XQGLQJ&RXQFLO IRU(QJODQG+()&(DQG WKLVKDVEHHQ LQ
GHFOLQH RYHU WKH ODVW VHYHUDO \HDUV DV HYLGHQFHG E\ GDWD LQ
)LJ  >@  7KLV IXQGLQJ LQFOXGHV WKH UHFXUUHQW JUDQW IRU
WHDFKLQJ UHVHDUFK PRGHUDWLRQ DQG WKH +LJKHU (GXFDWLRQ
,QQRYDWLRQ )XQG DQG D VPDOOHU OHYHO RI QRQUHFXUUHQW
IXQGLQJ IRU FDSLWDO DQGRWKHU LQYHVWPHQW 7KHEXONRI WKH
UHGXFWLRQ LQ IXQGLQJ LV DVVRFLDWHG ZLWK WKH GHFOLQLQJ
















+RZHYHU WKLV IXQGLQJ UHGXFWLRQ KDV EHHQ RIIVHW E\ WKH
LQFUHDVHG OHYHO RI IXQGLQJ XQLYHUVLWLHV LQ (QJODQG UHFHLYH
IURP WXLWLRQ IHHV ZKLFK IURP  URVH WR D PD[LPXP
OHYHO RI  SHU DQQXP >@  6WXGHQWV LQ :DOHV DQG




IURP WXLWLRQ IHHV IURP VWXGHQWV IRU XQLYHUVLWLHV LQ (QJODQG
KDV EHHQ SURJUHVVLYHO\ LQFUHDVLQJ DQG WKLV LV KHOSLQJ WR
PDLQWDLQ WKH RYHUDOO OHYHO RI IXQGLQJ  2WKHU DUHDV RI
LQYHVWPHQW KDYH EHHQ PDLQWDLQHG RU LQ VRPH FDVHV KDYH
LQFUHDVHG VOLJKWO\ VXFK DV WKH+LJKHU (GXFDWLRQ ,QYHVWPHQW
)XQG +(,) ZKLFK KDV LQFUHDVHG IURP PLOOLRQ LQ
 WR PLOOLRQ LQ   7KH +(,) LQYHVWPHQW
SURYLGHV VXSSRUW DQG XQGHUSLQV GHYHORSPHQW RI D UDQJH RI




KDYH DOVR VXIIHUHG VLJQLILFDQW UHGXFWLRQV LQ FDSLWDO
LQYHVWPHQW ZKLFK LQ  SHDNHG DW ca ELOOLRQ EXW KDG
IDOOHQDZD\WRPLOOLRQE\>@7KLVKDVUHVXOWHGLQ
XQLYHUVLWLHVKDYLQJWRSODFHDKLJKHUSULRULW\RQJHQHUDWLQJD
ILQDQFLDO VXUSOXV LQ RUGHU WR IXQG FDSLWDO LQYHVWPHQW LQWR
LQIUDVWUXFWXUH GHYHORSPHQW IURP LQWHUQDO IXQGV  7KH DELOLW\
IRUFRPPHUFLDODFWLYLWLHVWREHXQGHUWDNHQE\XQLYHUVLWLHVWKDW
KDYH WKH FDSDFLW\ WR JHQHUDWH VXFK D VXUSOXV LV WKHUHIRUH
EHFRPLQJ LQFUHDVLQJO\ LPSRUWDQW DQGHVSHFLDOO\ LQ UHJDUG WR
PDLQWDLQLQJLQIUDVWUXFWXUHVXFKDVODERUDWRULHVDQGWHFKQLFDO
IDFLOLWLHV DV ZHOO DV WHDFKLQJ DQG RWKHU DFDGHPLF IDFLOLWLHV
7KHVH FKDQJHV WR WKH IXQGLQJ VLWXDWLRQ IRU 8. XQLYHUVLWLHV
DQG WKH YDU\LQJ OHYHOV RI FDSLWDO SURYLVLRQ DUH OHDGLQJ WR
XQLYHUVLWLHV QHHGLQJ WR DGRSW LQFUHDVLQJO\ FRPPHUFLDO
DSSURDFKHV WR PDQDJHPHQW DQG DOVR WR WDNH VWUDWHJLF





B. Broader landscape for universities 




LPSRUWDQW IRU D NQRZOHGJH GULYHQ RUJDQL]DWLRQ  ,QGHHG




LPSRUWDQW LQ WKLV UHJDUG 0DLQWDLQLQJVXSSRUW WR VWDIIFRXOG
LQFOXGHGHYHORSPHQWRIRSSRUWXQLWLHVDQGFDUHHUSURJUHVVLRQ
IRU MXQLRU UHVHDUFKHUV DQG HDUO\ VWDJH DFDGHPLFV DV ZHOO DV
HQVXULQJ SURIHVVLRQDO DQG DGPLQLVWUDWLRQ VWDII DUH DOVR
DGHTXDWHO\DFFRPPRGDWHG
5HVHDUFKLQWHQVLYHXQLYHUVLWLHVQHHGWRHQVXUHWKHUHLVWKH
QHFHVVDU\ LQIUDVWUXFWXUH WR VXSSRUW VFLHQWLILF UHVHDUFK >@
HJ LQ GLVFLSOLQHV VXFK DV FKHPLVWU\ SK\VLFV WKURXJK WR
DHURQDXWLFDOHQJLQHHULQJDQGPHGLFLQH$QLQDELOLW\WRHQVXUH
WKLV WHFKQLFDO LQIUDVWUXFWXUH LV DYDLODEOH DQG SURSHUO\




DV WKH UHTXLUHG DQDO\WLFDO HTXLSPHQW VXFK DV QXFOHDU
PDJQHWLF UHVRQDQFH 105 VSHFWURPHWHUV PDVV
VSHFWURPHWU\ 06 DQG KLJK SHUIRUPDQFH OLTXLG
FKURPDWRJUDSK\+3/&HTXLSPHQW
2QFH UHVHDUFK KDV EHHQ XQGHUWDNHQ WKHUH LV WKH QHHG WR
FRPPXQLFDWHWKHILQGLQJVDQGNQRZOHGJHGLVVHPLQDWLRQLVDQ




VFKRODUVKLS ZLWK SXEOLFDWLRQ RI DQ HOHFWURQLF MRXUQDO DUWLFOH
DUJXDEO\ QRZ EHLQJ PRUH LPSRUWDQW WKDQ DQ\ RWKHU IRUP RI
UHVHDUFK FRPPXQLFDWLRQ >@  2WKHU FRPPXQLFDWLRQ
FKDQQHOV LQFOXGH VHPLQDUV ZHELQDUV OHFWXUHV EORJJLQJ DV












 ?  ?  ?  ?  ?
  
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DSSURSULDWH DXGLHQFH DQG IRU DFDGHPLF NQRZOHGJH WR EH
WUDQVODWHG LQWR EHQHILWV IRU H[WHUQDO VWDNHKROGHUV ZKHWKHU
WKH\ DUH IURP JRYHUQPHQWDO RU LQGXVWULDO RUJDQL]DWLRQV
&DSWXULQJ DQG PHDVXULQJ VXFK EHQHILWV DQG ZLGHU VRFLHWDO
LPSDFW IRU UHVHDUFK>@ LVDQ LQFUHDVLQJO\ LPSRUWDQW IHDWXUH




ILQGLQJV LQWR LQGXVWULDO DSSOLFDWLRQ DQG DOVR SURYLGH
FRPPHUFLDO UHYHQXHV WR DXJPHQW JRYHUQPHQWDO IXQGLQJ LV
WKURXJKSDUWQHULQJZLWK LQGXVWULDOFRPSDQLHV >@ 7KLV
FDQ UDQJH IURP ORZ OHYHO LQWHUDFWLRQV VXFK DV DQ DFDGHPLF
SURYLGLQJ DGYLFH RU WHVWLQJ VHUYLFHV YLD FRQVXOWDQF\ >@
WKURXJK WR PXFK ODUJHU VFDOH LQGXVWULDO VXSSRUW IRU D QHZ





WKH SKDUPDFHXWLFDO LQGXVWU\¶V DSSURDFK WRZDUGV RSHQ
LQQRYDWLRQ >@  7KLVZRXOG WKHQ OHDG WR D UHTXLUHPHQW IRU
LPSURYHG FRPPHUFLDO SUDFWLFH ZLWKLQ XQLYHUVLWLHV ZKHUH
FORVH VXSSRUW LV SURYLGHG WR DFDGHPLF VWDII WR DOORZ QHZ
EXVLQHVV PRGHOV WR EH GHYHORSHG DQG VXFFHVVIXOO\
LPSOHPHQWHG7KHVL]HRIDFRPSDQ\FDQDOVRLQIOXHQFHKRZ
LW ZRUNV ZLWK XQLYHUVLWLHV >@ ZLWK VPDOOHU FRPSDQLHV
WHQGLQJ WR IRFXV RQ WKH QHHG WR VROYH D SDUWLFXODU WHFKQLFDO
SUREOHP DQG ODUJHU FRPSDQLHV EHLQJ DEOH WR ZRUN ZLWK
XQLYHUVLWLHV WR GHYHORS RYHUDOO WHFKQLFDO FRPSHWHQFLHV WKDW
ZLOOEHRIPRUHVWUDWHJLFLPSRUWDQFHWRWKHILUP
$VLQGLFDWHGSUHYLRXVO\WKHUHLVDOVRJURZLQJFRPSHWLWLRQ
EHWZHHQ XQLYHUVLWLHV ERWK RQ D QDWLRQDO DQG LQWHUQDWLRQDO
OHYHO 8QLYHUVLWLHVQRZFRPSHWH LQWHUQDWLRQDOO\ IRU WKHEHVW
VWXGHQWV DQG VWDII >@ EXW WKH\ DOVR FRPSHWH IRU UHVHDUFK
IXQGV IURP JOREDO FRPSDQLHV VXFK DV WKRVH IURP WKH
SKDUPDFHXWLFDODQGRLO	JDVVHFWRUV7KHTXHVWLRQLV+RZ
ZLOO XQLYHUVLWLHV UHVSRQG WR WKLV HQYLURQPHQW"  :LOO WKH\
EHFRPH HQWUHQFKHG DQG IRFXV RQ FRUH H[LVWLQJ UHVHDUFK DQG
HGXFDWLRQ DUHDV ZLWKRXW FKDQJLQJ RU DGDSWLQJ WR PDUNHW
G\QDPLFV DQG RWKHU H[WHUQDO IDFWRUV"  2U ZLOO WKH\ DGRSW
LQFUHDVLQJO\ PRGHUQL]HG ZRUNLQJ SUDFWLFHV EHFRPLQJ PRUH
DJLOH DQG EHWWHU HTXLSSHG WR UHVSRQG WR HPHUJLQJ
RSSRUWXQLWLHV 0RUHRYHUZLOO WKH\EHDEOH WR OHYHUDJH WKHLU
WUDGLWLRQDOUHVHDUFKDQGHGXFDWLRQDOFRPSHWHQFLHVWREHFRPH
LQFUHDVLQJO\ DGHSW DW NQRZOHGJH H[FKDQJH DQG WUDQVODWLRQ
WKURXJK H[SORULQJ QHZ PRGHV RI ZRUNLQJ ZLWK LQGXVWULDO
FRPSDQLHV DQG RWKHU VWDNHKROGHU RUJDQL]DWLRQV  .H\ WR
QDYLJDWLQJWKHILQDQFLDOFKDOOHQJHVDQGEHLQJDEOHWROHYHUDJH
FRPPHUFLDO DSSURDFKHV ZLOO EH WKH GHVLJQ DQG
LPSOHPHQWDWLRQ RI DSSURSULDWH RUJDQL]DWLRQDO VWUDWHJLHV WR
HQDEOH UHVRXUFHV WR EH GHSOR\HG HIIHFWLYHO\ DQG VXSSRUW WKH
FRQWLQXHGGHYHORSPHQWRIXQLYHUVLWLHV
7KLV ODQGVFDSH LV DOVR LPSDFWHG E\ WHFKQRORJ\
GHYHORSPHQW DQG LQ SDUWLFXODU GHYHORSPHQW RI ,&7
LQIRUPDWLRQ DQG FRPPXQLFDWLRQV WHFKQRORJ\ WKDW KDV WKH
SRWHQWLDOWRVLJQLILFDQWO\FKDQJHWKHZD\XQLYHUVLW\HGXFDWLRQ
LVGHOLYHUHG>@ 7KHUHLVDQH[SHFWDWLRQWKDWJUHDWHUOHYHOV
RI ,&7 DGRSWLRQ LQ KLJKHU HGXFDWLRQ ZLOO OHDG WR PDUNHG
LPSURYHPHQWV LQ WKH HIIHFWLYHQHVV RI WHDFKLQJ SURFHVVHV
DOWKRXJK WKHUH LV D FRQWLQXLQJ QHHG IRU WKHRUHWLFDO DQDO\VLV
OHDGLQJ WR WKH GHYHORSPHQW RI SHGDJRJLFDOO\ YDOXDEOH WRROV
EDVHGRQ ,&7 WKDWFDQEHXVHGE\SUDFWLWLRQHUV LQHGXFDWLRQ
>@  )XUWKHUPRUH QHZ OHDUQLQJ DSSURDFKHV LQYROYLQJ ,&7
QHHG WR EXLOG RQ RXU H[LVWLQJ XQGHUVWDQGLQJ RI KXPDQ
FRJQLWLYH SURFHVVHV LI WKH\ DUH WR IXOO\ UHDOL]H WKH SRWHQWLDO
$OVRDGRSWLRQRIVRFLDODQGGLJLWDOPHGLDLVOLNHO\WRKDYHDQ
LQFUHDVLQJO\VLJQLILFDQWLPSDFWRQKRZHGXFDWLRQLVGHOLYHUHG




OHDGLQJ LQ VXFK D VFHQDULR WKH XQLYHUVLWLHV WKDW DUH DEOH WR
DGRSW QHZ SUDFWLFHV TXLFNO\ ZLOO SRWHQWLDOO\ SHUIRUP RQ D




WKLV VLWXDWLRQ ZLOO EH LQIOXHQFHG E\ WKH GHYHORSPHQW RI
DSSURSULDWH VWUDWHJLHV WKDW ZLOO DOORZ XQLYHUVLWLHV WR
DGHTXDWHO\ SUHSDUH DQG WKHQ DGRSW QHZ WHFKQRORJLHV  7KLV
ZLOO OLNHO\ LQFOXGH WKH QHHG IRU QHZ EXVLQHVV PRGHOV WR
VXSSRUWVXFKWHFKQRORJ\DGRSWLRQDQGWKHVHEXVLQHVVPRGHOV
ZLOO QHHG WR DFFRPSDQ\ DQ LQFUHDVHG IRFXV RQ FRPPHUFLDO
EHVW SUDFWLFH  1RZ WKDW WKH RYHUDOO DFDGHPLF LQVWLWXWLRQDO






A. Strategy framework and research methodology 
7KH SHUIRUPDQFH RI XQLYHUVLW\ RUJDQL]DWLRQV ZLOO EH
FRQWLQJHQWRQWKHUHVRXUFHVDYDLODEOHcfUHVRXUFHEDVHGYLHZ
RI VWUDWHJ\ DV ZHOO DV LWV DELOLW\ WR GHSOR\ WKRVH UHVRXUFHV
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DFWLYLWLHVDUHFRUH WRDXQLYHUVLW\ >@DQG IRU WKRVH WKDWDUH
UHVHDUFKLQWHQVLYHFOHDUO\UHVHDUFKZLOOEHDIXUWKHUFRUHDUHD
>@ $GGLWLRQDOO\NQRZOHGJHH[FKDQJHDQG WKH WUDQVODWLRQ





ZLOO QHHG WR EH DGDSWDEOH LQ WHUPV RI WKH HQYLURQPHQWDO
FRQVWUDLQWVVXFKDVWKHDYDLODELOLW\RIJRYHUQPHQWDOIXQGLQJ
DQG IXQGLQJ WUHQGV IRU UHVHDUFK DV ZHOO DV DYDLODELOLW\ RI
LQGXVWU\ UHVHDUFK IXQGLQJ DQG DOVR LQ UHJDUG WR HPHUJLQJ
RSSRUWXQLWLHV VXFK DV IURP DGRSWLQJ QHZ ZD\V RI ZRUNLQJ
DQGQHZEXVLQHVVPRGHOV IRUNQRZOHGJHH[FKDQJH )XUWKHU
RSSRUWXQLWLHV LQFOXGH FDSLWDOL]LQJ DQG OHYHUDJLQJ




RI SUDFWLFDO UHOHYDQFH WR WKRVH LQYROYHG LQ IRUPXODWLQJ
DFDGHPLFVWUDWHJ\DQGIXWXUHGHYHORSPHQWWKHV\VWHPVEDVHG
ZRUN GRPDLQ DQDO\VLV :'$ DSSURDFK >@ KDV EHHQ
XWLOL]HGDVDZD\RI VWUXFWXULQJ WKH LQIRUPDWLRQDQG LQVLJKWV
GHULYHG IURP WKH OLWHUDWXUH UHYLHZ UHSRUWHG LQ WKH SUHYLRXV
VHFWLRQ  6\VWHPVEDVHG DQDO\WLFDO WRROV VXFK DV :'$
SURYLGH DKROLVWLF YLHZSRLQW WKDW LV SDUWLFXODUO\ XVHIXO ZKHQ
FRQVLGHULQJ WKH EURDGHU RSSRUWXQLWLHV DQG VWUDWHJLF RSWLRQV
IRU XQLYHUVLWLHV  :'$ ZDV VHOHFWHG IROORZLQJ D UHYLHZ RI
RWKHU V\VWHPV GLDJUDPPLQJ WHFKQLTXHV VXFK DV FDXVH DQG
HIIHFW PRGHOOLQJ V\VWHPRIV\VWHPV PRGHOOLQJ DQGXVH FDVH
GLDJUDPV  :'$ SURYLGHV D ORJLFDO DSSURDFK WR VWUXFWXUH
LQIRUPDWLRQ LQ D KLHUDUFKLFDO PDQQHU DQG WKH WHFKQLTXH
XQGHUSLQVWKHUHVHDUFKPHWKRGRORJ\GHVFULEHGLQWKLVVWXG\
:'$LVWKHLQLWLDOVWDJHIURPWKHFRJQLWLYHZRUNDQDO\VLV
DSSURDFK >@ DQG :'$ KDV SUHYLRXVO\ EHHQ XVHG LQ
GLIIHUHQW DSSOLFDWLRQV VXFK DV PRGHOOLQJ LQWHQVLYH FDUH XQLW
SDWLHQWV >@ DLU WUDIILF FRQWUROOHU ZHDWKHU GLVSOD\V >@
SDVWHXUL]DWLRQSURFHVVFRQWURO>@DQGWKHGHVLJQRIWUDLQLQJ
V\VWHPV>@:'$DOORZVDGHVFULSWLRQWREHGHYHORSHGRI
WKH XQGHUO\LQJ FRQVWUDLQWV WKDW JRYHUQ WKH SXUSRVH DQG
VXSSRUW WKH IXQFWLRQ RI WKH V\VWHP WKDW LV EHLQJ DQDO\]HG
8VH RI WKLV DSSURDFK DOORZV DQ DEVWUDFWLRQ KLHUDUFK\ WR EH
GHYHORSHG >@ ZKLFK LV EDVHG RQ ILYH PDLQ OHYHOV RI
DQDO\VLV WKDW DUH OLQNHG E\ D VHULHV RI µPHDQVHQGV¶
FRQQHFWLRQV SURYLGLQJ D YLVXDO UHSUHVHQWDWLRQ RI KRZ WKH
LQGLYLGXDOFRPSRQHQWVKDYHDQLPSDFWRQWKHRYHUDOOGRPDLQ
SXUSRVH RI WKH V\VWHP  7KH ILYH DUHDV RI DQDO\VLV IRU WKH
V\VWHPDUHGHILQHGDVIROORZV
$Purpose and constraints7KLVLVWKHVWUDWHJLFSXUSRVHDQG
RYHUDOO UHTXLUHPHQWV RI WKH V\VWHP LQFOXGLQJ WKH KLJK
OHYHOFRQVWUDLQWV
% Values and priorities 7KH SULPDU\ YDOXH GULYHUV RU FRUH
FDSDELOLWLHV IRU WKH V\VWHP ZKLFK FDQ EH XVHG WR DVVHVV
WKHSHUIRUPDQFHRIWKHV\VWHP
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5HYLHZ DQG DQDO\VLV RI WKH ILQGLQJV IURP WKH OLWHUDWXUH
UHYLHZ RQ WKH DFDGHPLF LQVWLWXWLRQDO ODQGVFDSH DOORZHG WKH
ZRUNGRPDLQDQDO\VLV IRUDFDGHPLFVWUDWHJ\GHYHORSPHQW WR
EH GHULYHG VHH )LJ   6SHFLILF VWUDWHJLF RSWLRQV IRU WKH
PDLQ DFDGHPLF FDSDELOLWLHV RI HGXFDWLRQ UHVHDUFK DQG
NQRZOHGJH H[FKDQJH KDYH EHHQ V\QWKHVL]HG WKURXJK
FRQVLGHULQJ WKH ILQGLQJV IURP WKH :'$ LQ )LJ  DQG DUH
SURYLGHGEHORZDFFRUGLQJWRWKHUHOHYDQWFDSDELOLW\DUHD7KH
RSWLRQV DUH GHVFULEHG LQ UHJDUG WR VXSSRUWLQJ OLWHUDWXUH LQ
RUGHUWRYDOLGDWHWKHILQGLQJV
7KH :'$ SURYLGHG LQ )LJ KLJKOLJKWV WKH KLHUDUFK\ RI
IDFWRUV DFFRUGLQJ WR EHLQJ IXQFWLRQV SURFHVVHV DQG
UHVRXUFHV DQG KRZ VXFK IDFWRUV XQGHUSLQ DQG UHODWH WR WKH
YDOXHV DQG SULRULWLHV RI XQLYHUVLWLHV  7KH OHYHO RI




B. Education strategy options 
7KH VWUDWHJLF RSWLRQV LGHQWLILHG IRU WKH HGXFDWLRQ
FDSDELOLW\DUHSURYLGHGLQ)LJZKLFKLQFOXGHVWKHUHOHYDQW
DQDO\VLV IUDPHV DQG FODVVLILFDWLRQV GHULYHG IURP WKH :'$
)RUH[DPSOHWKHVWUDWHJLFRSWLRQµ$GRSWLRQRI,&7¶VXSSRUWV
WKH SULPDU\ DFDGHPLF SULRULW\ $ ZKLFK LV EDVHG RQ WKH
YDOXH GULYHU WR GHOLYHU KLJK TXDOLW\ HGXFDWLRQ % WKURXJK
GHOLYHU\ WR DFKLHYH VFKRODUVKLS DQG WHDFKLQJ & DQG
NQRZOHGJHGLVVHPLQDWLRQ&YLDWKHSURFHVVHVRIOHFWXUHV
WXLWLRQ DQG VXSHUYLVLRQ ' WHDP EDVHG OHDUQLQJ '
WHFKQRORJ\,&7LPSOHPHQWDWLRQ'VXSSRUWHGE\SHRSOH
( VXSSRUWLQJ LQIUDVWUXFWXUH ( DQG WHFKQRORJ\ ,&7
( UHVRXUFHV  )XUWKHU GHWDLOV RI WKH VWUDWHJLF RSWLRQV DUH
SURYLGHG EHORZ LQFOXGLQJ FRQVLGHUDWLRQ RI WKH UHTXLUHPHQWV
DQG DFWLYLWLHV DVVRFLDWHG ZLWK WKH LPSOHPHQWDWLRQ RI WKH
RSWLRQ

L $GRSWLRQ RI ,&7 LQIRUPDWLRQ DQG FRPPXQLFDWLRQV
WHFKQRORJ\
7KHUH LV VLJQLILFDQW VFRSH IRU GLJLWDO WHFKQRORJLHV WR
LPSDFW RQ HGXFDWLRQ DQG FKDQJH WKH ZD\ WKDW HGXFDWLRQ LV
GHOLYHUHG >@    &RQFHSWV VXFK DV WKH YLUWXDO FDPSXV DUH
DULVLQJ ZKLFK KDV EHHQ GHILQHG DV D ³metaphor for the 
electronic teaching, learning, and research environment 
created by the convergence of several relatively new 
technologies including, but not restricted to, the Internet, 
World Wide Web, computer-mediated communication, video 
conferencing, multi-media, groupware, video-on-demand, 
desktop publishing, intelligent tutoring systems, and virtual 
reality´>@ 7KLVSRWHQWLDOO\EURDGVFRSHRI,&7DGRSWLRQ
JLYHVULVHWRPDQ\SRVVLELOLWLHVIRUFKDQJLQJWKHG\QDPLFVRI
HGXFDWLRQ SURYLVLRQ DQG RSWLRQV IRU HQKDQFHG GHOLYHU\
FKDQQHOVLQUHJDUGWRHIIHFWLYHQHVVDQGHIILFLHQF\7KHXVHRI
WHFKQRORJ\ WR HQKDQFH HGXFDWLRQ FDQ DOVR LQFOXGH DQ
LQFUHDVLQJ XVH RI VRFLDO PHGLD >@ WR XQGHUSLQ WZRZD\
FRPPXQLFDWLRQEHWZHHQDFDGHPLFIDFXOW\DQGVWXGHQWV
2WKHUWUHQGVLQFOXGHIRUH[DPSOHLVVXLQJVWXGHQWVZLWKD
KDQGKHOG GHYLFH WKDW FRQWDLQV DOO WKH OHFWXUH QRWHV SUH




WKDW SK\VLFDO XQLYHUVLW\ FDPSXVHV ZLOO GLVDSSHDU EXW
WHFKQRORJ\GULYHQ LQQRYDWLRQ LV OLNHO\ WR EH DGRSWHG
DORQJVLGHWUDGLWLRQDOIRUPVRIWHDFKLQJIRUH[DPSOHWKURXJK
WKH LQFUHDVLQJ XVH RI PRELOH DSSOLFDWLRQV µDSSV¶ DQG RWKHU
DFWLYLWLHV VXFK DV SRGFDVWLQJ RU ZHELQDUV  7KH XOWLPDWH
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LQSXWV DQG FRQWULEXWLRQV RI WKH DFWRUV LQYROYHG LQFOXGLQJ
WHDFKHUV VWXGHQWV DQG XQLYHUVLW\ DGPLQLVWUDWRUV
)XUWKHUPRUHVWXGLHVKDYHKLJKOLJKWHGKRZWKHDGRSWLRQRIH





WHFKQRORJ\ LV WKH GHOLYHU\ RI VR FDOOHG PDVVLYH RSHQ RQOLQH
FRXUVHV RU 022&V >@ DQG VWXGHQW LQYROYHPHQW LQ RQOLQH
FRXUVHV DW GHJUHHJUDQWLQJSRVWVHFRQGDU\ LQVWLWXWLRQV LQ WKH
8QLWHG 6WDWHV KDV LQFUHDVHG IURP  LQ  WR  LQ
DVDSHUFHQWDJHRIWRWDOHQUROPHQW>@022&VKDYH
EHHQ ODXQFKHG E\ D QXPEHU RI OHDGLQJ XQLYHUVLWLHV VXFK DV
+DUYDUG 8QLYHUVLW\ DQG 6WDQIRUG 8QLYHUVLW\ >@ LQ 86$
ZKLFKLQVRPHFDVHVDUHSURYLGLQJHQWLUHFRXUVHVFRPSOHWHO\
IUHHRIFKDUJHWKURXJKDQRQOLQHSRUWDO7KHUHDUHKRZHYHUD





IRU ODXQFKLQJ VXFK D FRXUVH HJ LV LW EHLQJ GHOLYHUHG IRU
DOWUXLVWLF DLPV RI PDNLQJ WKH FRXUVH DYDLODEOH JOREDOO\
LQFOXGLQJSRWHQWLDOVWXGHQWVLQGHYHORSLQJFRXQWULHVRULVLWWR
UDLVH WKH SURILOH RI WKH XQLYHUVLW\ DQG KHOS DWWUDFW QHZ
VWXGHQWV WR WKH XQLYHUVLW\¶V PDLQ FDPSXV EDVHG FRXUVHV"
7KHUH LV DOVR WKH QHHG WR FRQVLGHU KRZ 022&V ZLOO VLW
DORQJVLGH H[LVWLQJ FRQYHQWLRQDO FRXUVHV GHOLYHUHG E\
XQLYHUVLWLHV  1HYHUWKHOHVV 022&V UHSUHVHQW DQ H[FLWLQJ
WUDMHFWRU\ IRU WKH GHOLYHU\ RI HGXFDWLRQ E\ KLJKHU HGXFDWLRQ
LQVWLWXWLRQV DQG WKH HYHQWXDO GHOLYHU\ PHFKDQLVP DQG






PD[LPL]HG IRU SHHUV OHDUQLQJ IURP HDFK RWKHU >@  3HHU
OHDUQLQJ FDQ SURPRWH D QXPEHU RI RXWFRPHV LQFOXGLQJ






&RXQFLO (65& LQFOXGH DQ LQWHUGLVFLSOLQDU\ IRFXV EXW DUH
DOVR GHVLJQHG WR SURPRWH FRKRUW DQG FRPPXQLW\ EXLOGLQJ
DFURVV WKH FRXUVH SURJUDP >@  ,Q WKLV FRQWH[W JURXSV RI
VWXGHQWV UHJLVWHU IRU SRVWJUDGXDWH GHJUHHV DQG DUH DEOH WR
FROOHFWLYHO\ SURJUHVV WKURXJK WKHLU GHJUHH SURJUDPV  7KH
VWXGHQWVDUHDEOHWRSDUWLFLSDWHLQJURXSEDVHGDFWLYLWLHVVXFK
DV ZRUNVKRSV WHDPEDVHG WXLWLRQ VWXGHQW OHG SURMHFWV
LQWHUDFWLYH VHVVLRQV DQG RWKHU DFWLYLWLHV WKDW SURYLGH
RSSRUWXQLWLHV IRU WKH VWXGHQWV WR HIIHFWLYHO\ OHDUQ QRW MXVW




ODUJHO\ WKURXJK FODVVURRPEDVHG OHDUQLQJ EXW KDV DOVR EHHQ





C. Research strategy options 
7KHVWUDWHJLFRSWLRQVLGHQWLILHGIRUWKHUHVHDUFKFDSDELOLW\
DUH SURYLGHG LQ )LJ  ZKLFK LQFOXGHV WKH UHOHYDQW DQDO\VLV
IUDPHV DQG FODVVLILFDWLRQV GHULYHG IURP WKH :'$  )RU
H[DPSOHWKHVWUDWHJLFRSWLRQµ5HVHDUFK([FHOOHQFH¶VXSSRUWV
WKH SULPDU\ DFDGHPLF SULRULW\ $ ZKLFK LV EDVHG RQ WKH
YDOXH GULYHU WR XQGHUWDNH OHDGLQJ UHVHDUFK % WKURXJK
NQRZOHGJH GLVVHPLQDWLRQ & VFLHQWLILF LQYHVWLJDWLRQ &
KXPDQ UHVRXUFHV GHYHORSPHQW & DQG GHPRQVWUDWLQJ
LPSDFW&YLDWKHSURFHVVHVRIGHOLYHU\RIH[SHULPHQWVDQG
PRGHOOLQJ'DQGFROODERUDWLYHSDUWQHULQJ'VXSSRUWHG
E\ SHRSOH ( DQG WHFKQLFDO LQIUDVWUXFWXUH ( UHVRXUFHV
)XUWKHU GHWDLOV RI WKH VWUDWHJLF RSWLRQV DUH SURYLGHG EHORZ




$FKLHYLQJ UHVHDUFK H[FHOOHQFH LV FOHDUO\ DQ LPSRUWDQW
REMHFWLYH IRU XQLYHUVLWLHV FRQFHUQHG ZLWK XQGHUWDNLQJ
VFLHQWLILFDQGHQJLQHHULQJUHVHDUFK5HVHDUFKH[FHOOHQFHFDQ
EH GHILQHG LQ GLIIHUHQW ZD\V EXW LW LV XVXDOO\ UHODWHG WR WKH
TXDOLW\ RI WKH UHVHDUFK ZKLFK FDQ EH GHWHUPLQHG WKURXJK
FRQVLGHULQJIRUH[DPSOHWKHQXPEHUDQGTXDOLW\RIDFDGHPLF
SXEOLFDWLRQVIRUDJLYHQDUHDRUIDFXOW\PHPEHUDVZHOODVWKH
UHVXOWLQJ QXPEHU RI FLWDWLRQV  :LWKLQ WKH 8QLWHG .LQJGRP
DVSDUWRIWKH5HVHDUFK([FHOOHQFH)UDPHZRUNIRUDQXPEHU
RI \HDUV WKHUH KDV DOVR EHHQ D IRFXV RQ EHLQJ DEOH WR
GHPRQVWUDWH WKH µLPSDFW¶ RI UHVHDUFK DV DQ DGGLWLRQDO GULYHU
IRU H[FHOOHQFH ZLWK VXFK LPSDFW EHLQJ HYLGHQFHG WKURXJK
FRQWULEXWLRQV WR LQGXVWULDORU HFRQRPLFGHYHORSPHQW DVZHOO
DV ZLGHU VRFLHWDO DQG VRFLRHFRQRPLF EHQHILWV  $OWKRXJK
VRPH DXWKRUV KDYH FDXWLRQHG DV WR WKH UHDO EHQHILWV RI WKLV
DSSURDFKHVSHFLDOO\VLQFHPHDVXULQJUHVHDUFKH[FHOOHQFHFDQ
EH IDU IURP VWUDLJKWIRUZDUG DQG DOVR LQ UHJDUG WR WKH
SHUFHLYHG FRVW RI DGPLQLVWHULQJ WKH VFKHPH >@  $Q
DOWHUQDWLYH YLHZ LV WR FRQVLGHU WKH EHQHILWV DULVLQJ IURP
UHVHDUFKLQWKHORFDOJHRJUDSKLFDODUHDDVDZD\RIFDSWXULQJ
WKH KROLVWLF EHQHILWV IRU ORFDO VWDNHKROGHUV DQG VXFK DQ
DSSURDFK FDUULHV SDUWLFXODU PHULW IRU XQLYHUVLWLHV IURP
HPHUJLQJHFRQRPLHV>@
'HYHORSLQJDQGPDLQWDLQLQJUHVHDUFKH[FHOOHQFHFDQDOVR
EH KLJKO\ GHSHQGHQW RQ D XQLYHUVLW\¶V DELOLW\ WR DWWUDFW DQG
VXEVHTXHQWO\ UHWDLQ OHDGLQJDFDGHPLFDQG UHVHDUFKPHPEHUV
RIVWDII>@7KLVZLOOLQFOXGHDQHHGWRFUHDWHDVXSSRUWLYH
HQYLURQPHQW WR DOORZ QHZ IDFXOW\ PHPEHUV WR IORXULVK DV

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ZHOO DV SURYLGLQJ RSSRUWXQLWLHV IRU UHVHDUFKHUV WR SURJUHVV
IURP IRUH[DPSOH UHVHDUFK IHOORZVKLSSRVLWLRQV WKURXJK WR
SHUPDQHQW DFDGHPLF SRVLWLRQV  6XFK PHFKDQLVPV FDQ KHOS
VXSSRUWµKRPHJURZQWDOHQW¶LQDGGLWLRQWRWKHQHHGWRDWWUDFW
OHDGLQJUHVHDUFKHUVDQGDFDGHPLFVIURPRWKHULQVWLWXWLRQVDQG
HVSHFLDOO\ RQ DQ LQWHUQDWLRQDO EDVLV  0RUHRYHU PDQ\







WKHQRUP IRUPDQ\XQLYHUVLWLHV DQG VXFK DFWLYLWLHV DUHRIWHQ
SURPRWHGE\JRYHUQPHQWDORUJDQL]DWLRQVIXQGLQJERGLHVDQG
UHVHDUFKFRXQFLOV >@  $OWKRXJKVRPHWLPHVFROODERUDWLRQV
KDYH WR EULQJ WRJHWKHU GLIIHULQJ YLHZV WKH\ DUH QHYHUWKHOHVV
DWWUDFWLYH PHFKDQLVPV IRU SXUVXLQJ GHPDQGLQJ UHVHDUFK
REMHFWLYHV DFURVV GLIIHUHQW VFLHQWLILF DUHDV RU GLVFLSOLQHV







ZRUN RQ D FRPSOH[ WUDQVODWLRQDO FDQFHU UHVHDUFK QHWZRUN





WKH VHOHFWLRQ RI FROODERUDWRUV  ,Q WKLV FRQWH[W FURVVVLWH
LQWHUDFWLRQV FDQ EH HQKDQFHG WKURXJK WKH DGRSWLRQ RI
LPSURYHG YLUWXDO FRPPXQLFDWLRQV WHFKQRORJ\ DQG DOVR IURP
LQFUHDVLQJ WKH OHYHO RI VRFLDO LQWHUDFWLRQV EHWZHHQ
FROODERUDWRUV DV D ZD\ WR PD[LPL]H DYDLODEOH RSSRUWXQLWLHV
IRU FROODERUDWLYH WHDP PHPEHUV WR PHHW ZLWK RWKHUV IURP
GLIIHUHQWVLWHV
&ROODERUDWLYHUHVHDUFKSURMHFWVDUHDOVRDPDMRUIHDWXUHRI
UHVHDUFK WKDW LV IXQGHG E\ WKH (XURSHDQ 8QLRQ SUHYLRXVO\
WKURXJK D VHULHV RI PDMRU )UDPHZRUN 3URJUDPPHV DQG
FXUUHQWO\ DV SDUW RI WKH +RUL]RQ IXQGLQJ VFKHPH WKDW
VXSSRUWVUHVHDUFKDFURVVDEURDGUDQJHRIDUHDVVXFKDVJHQH
DQG FHOO WKHUDS\ UHVHDUFK >@  6XFK SURMHFWV DUH W\SLFDOO\






0XOWLGLVFLSOLQDU\ UHVHDUFK FHQWHUV DQG LQVWLWXWHV KDYH
EHHQ HVWDEOLVKHG DW PDQ\ XQLYHUVLWLHV DV D PHFKDQLVP WR
DGGUHVV D VSHFLILF UHTXLUHPHQW IRU UHVHDUFK WKURXJK
KDUQHVVLQJWKHFRQWULEXWLRQVRIPXOWLSOHDFDGHPLFGLVFLSOLQHV
6XFKFHQWHUVDUHRIWHQHVWDEOLVKHGWRHQFRXUDJHDFDGHPLFVWR
GHYHORS QHZ NQRZOHGJH IRU LQGXVWU\ DQG VRFLHWDO SUREOHPV
>@WKDWUHTXLUHDPXOWLGLVFLSOLQDU\DSSURDFKDVGLVWLQFWIURP
WKH WUDGLWLRQDO RUJDQL]DWLRQ RI XQLYHUVLWLHV DFFRUGLQJ WR
DFDGHPLF GLVFLSOLQHV  6WXGLHV RI VXFK FHQWHUV KDYH
KLJKOLJKWHG KRZ WKHUH LV RIWHQ DQ LQFUHDVHG HPSKDVLV RQ
UHVHDUFKFRRUGLQDWLRQZKHQFRPSDUHGWRWUDGLWLRQDODFDGHPLF
GHSDUWPHQWV ZKHUH UHVHDUFK PDQDJHPHQW LV QRUPDOO\
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RZQ DFDGHPLF DJHQGDV >@  7KLV ZRUN DOVR SRLQWV WR WKH
QHHGIRUUREXVWUHSRUWLQJOLQHVIRUFHQWHUOHDGHUVKLSLQFOXGLQJ





$IWHU DQ LQLWLDO SHULRG RI IXQGLQJ IURP D JRYHUQPHQWDO
FKDULWDEOH RU LQGXVWULDO VSRQVRU PXOWLGLVFLSOLQDU\ UHVHDUFK
FHQWHUV DUH RIWHQ SUHVHQWHG ZLWK WKH FKDOOHQJH RI EHFRPLQJ
ILQDQFLDOO\ VXVWDLQDEOH RYHU WKH ORQJHU WHUP >@  ,Q WKHVH
VLWXDWLRQVFHQWHUVZLOOQHHGWRGHYHORSDUREXVWEXVLQHVVSODQ
WKDW FDSWXUHV WKH UHVHDUFK REMHFWLYHV DV ZHOO DV WKH
FRPPHUFLDO DQG IXQGLQJ RSSRUWXQLWLHV DQG QHHGV RI WKH
FHQWHU0XOWLGLVFLSOLQDU\UHVHDUFKFHQWHUVDOVRRIIHUVFRSHWR
EHEDVHGRQ D VR FDOOHG µKXEDQG VSRNHPRGHO¶ >@ZKHUH
WKH KXE LV ORFDWHG DW WKH PDLQ XQLYHUVLW\ DQG VSRNHV DUH
ORFDWHG DW SDUWQHU XQLYHUVLWLHV  7KLV DSSURDFK EURDGHQV WKH
UHPLW RI WKH FHQWHU HYHQ IXUWKHU WR LQFOXGH GLVFLSOLQHV DQG
FRPSHWHQFLHVIURPWKHKRVWDQGSDUWQHUXQLYHUVLWLHVDOWKRXJK




D. Knowledge exchange strategy options 
7KH VWUDWHJLF RSWLRQV LGHQWLILHG IRU WKH NQRZOHGJH
H[FKDQJH FDSDELOLW\ DUH SURYLGHG LQ )LJ  ZKLFK LQFOXGHV
WKHUHOHYDQWDQDO\VLVIUDPHVDQGFODVVLILFDWLRQVGHULYHGIURP
WKH :'$  )RU H[DPSOH WKH VWUDWHJLF RSWLRQ µ8QLYHUVLW\
,QGXVWU\ 5HVHDUFK &ROODERUDWLRQ¶ VXSSRUWV WKH SULPDU\
DFDGHPLFSULRULW\$ZKLFKLVEDVHGYDOXHFUHDWLRQWKURXJK
NQRZOHGJH H[FKDQJH % WKURXJK GHOLYHU\ WR DFKLHYH
NQRZOHGJH GLVVHPLQDWLRQ & VFLHQWLILF LQYHVWLJDWLRQ &
KXPDQ UHVRXUFHV GHYHORSPHQW & DQG GHPRQVWUDWLQJ
LPSDFW&YLDWKHSURFHVVHVRIGHOLYHU\RIH[SHULPHQWVDQG
PRGHOOLQJ ' FROODERUDWLYH SDUWQHULQJ ' DQG QHZ
EXVLQHVV PRGHO DSSOLFDWLRQ ' VXSSRUWHG E\ SHRSOH (
WHFKQLFDO LQIUDVWUXFWXUH ( VXSSRUWLQJ LQIUDVWUXFWXUH (
DQG WHFKQRORJ\ ,&7 ( UHVRXUFHV )XUWKHUGHWDLOVRI WKH
VWUDWHJLFRSWLRQVDUHSURYLGHGEHORZLQFOXGLQJFRQVLGHUDWLRQ




5HVHDUFKLQWHQVLYH XQLYHUVLWLHV DUH OLNHO\ WR KDYH ZHOO
HVWDEOLVKHGUHODWLRQVZLWKLQGXVWULDOFRPSDQLHVDOWKRXJKWKHUH
FDQ EH PXFK YDULDWLRQ LQ WKH VL]H DQG VFRSH RI VXFK
LQWHUDFWLRQV  7KHVH FROODERUDWLRQV ZLOO E\ GHVLJQ QHHG WR
LQYROYH UHVHDUFK WKDW LV DOLJQHG WR LQGXVWULDO UHTXLUHPHQWV
HJWKURXJKDFDGHPLFFRQVXOWDQF\FRQWUDFWUHVHDUFKDQGDOVR
IURP WKH LQGXVWULDO VSRQVRUVKLS RI VWXGHQWV DQG UHVHDUFKHUV
>@8QLYHUVLWLHVPD\SXUVXHFROODERUDWLRQVZLWKFRPSDQLHV
IRU D QXPEHU RI GLIIHUHQW UHDVRQV WKDW FDQ RIIHU D UDQJH RI
EHQHILWV LQFOXGLQJ JDLQLQJ DQ LPSURYHG LQVLJKW LQWR WKH
DFDGHPLF UHVHDUFK HVSHFLDOO\ LQ VFLHQFH DQG HQJLQHHULQJ
ILHOG WHVWLQJ WKH DFDGHPLF WKHRU\ VXSSOHPHQWLQJ IXQGV IRU
DFDGHPLF UHVHDUFK DVVLVWLQJ WKH XQLYHUVLW\¶V RXWUHDFK




WKH LQGXVWULDO UHTXLUHPHQWV FDQEH DSDUWLFXODU FKDOOHQJH IRU
XQLYHUVLW\LQGXVWU\ FROODERUDWLRQV DV ZHOO DV SRWHQWLDO
GLIILFXOWLHV IURP DJUHHLQJ WKH FRPPHUFLDO DUUDQJHPHQWV IRU
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LQWHOOHFWXDOSURSHUW\ULJKWV,352QWKLVPDWWHUGHYHORSLQJ
DQ RYHUDOO FRPPHUFLDO DSSURDFK DQG DJUHHLQJ WKH JXLGLQJ
FRPPHUFLDO SULQFLSOHV IURP WKH RXWVHW FDQ EH EHQHILFLDO LQ
UHJDUG WR VXSSRUWLQJ WKH HYHQWXDO QHJRWLDWLRQ RI FRQWUDFWXDO
WHUPVDQGFRQGLWLRQV >@ 2WKHUFRQVLGHUDWLRQV LQFOXGH WKH
QHHG WR UHFRQFLOH LQGXVWU\¶V JHQHUDOO\ VKRUWHU WHUP YLHZ RQ
WKH GHYHORSPHQW RI QHZ SURGXFWV DQG VHUYLFHV ZLWK
DFDGHPLD¶V ORQJWHUP YLHZ RI IXQGDPHQWDO UHVHDUFK
&UHDWLQJ DQ DZDUHQHVV RI WKLV GLIIHUHQFH LQ SULRULWLHV ZKHQ
GHYHORSLQJDQHZFROODERUDWLRQFDQEHSDUWLFXODUO\XVHIXODQG
WKLV PD\ LQFOXGH WKH XVH RI WHFKQRORJ\ UHDGLQHVV OHYHOV




QHZ SURGXFW GHYHORSPHQW ZKHUHDV XQLYHUVLWLHV KDYH RWKHU
QHHGVVXFKDVXQGHUWDNLQJUHVHDUFKWKDWFDQEHSXEOLVKHGLQ
DSSURSULDWH SHHU UHYLHZHG MRXUQDOV DQG WKLV LV SDUWLFXODUO\
LPSRUWDQWIRUIDFXOW\PHPEHUVVHHNLQJWHQXUH7KHVHIDFWRUV




7KH FRPPHUFLDOL]DWLRQ RI DFDGHPLF UHVHDUFK FDQ EH
FRQVLGHUHG DV D SDUWLFXODU W\SH RI SDUWQHULQJ EHWZHHQ
XQLYHUVLWLHVDQGFRPSDQLHVEXWLWLVRIWHQYLHZHGDVDGLVWLQFW
DFWLYLW\DUHDIRUXQLYHUVLWLHVDQGHVSHFLDOO\UHODWLQJWRVFLHQFH
DQG HQJLQHHULQJ  0DQ\ XQLYHUVLWLHV KDYH HVWDEOLVKHG
WHFKQRORJ\ WUDQVIHU RIILFH 772V WR PDQDJH WKH UHVHDUFK
FRPPHUFLDOL]DWLRQ SURFHVVHV >@ LQFOXGLQJ UHVHDUFK
SDWHQWLQJ QHJRWLDWLRQ RI OLFHQVH DJUHHPHQWV ZLWK SDUWQHU
FRPSDQLHVDVZHOODVVSLQRXWFRPSDQ\IRUPDWLRQ5HVHDUFK
FRPPHUFLDOL]DWLRQ VWUDWHJLHV DUH EHLQJ SXUVXHG ZLGHO\ E\
XQLYHUVLWLHVDQGWKHUHLVLQGLFDWLRQWKDWXQLYHUVLW\SDWHQWLQJLV
JURZLQJ EXW WKLV SKHQRPHQRQ DSSHDUV WR EH ODUJHO\
KHWHURJHQHRXV DFURVV FRXQWULHV DQG GLVFLSOLQHV >@
0RUHRYHU WKLV ZRUN SRLQWV WR XQLYHUVLW\ OLFHQVLQJ DFWLYLWLHV
QRW EHLQJ SDUWLFXODUO\ SURILWDEOH IRU PDQ\ XQLYHUVLWLHV
DOWKRXJK VRPH DUH VXFFHVVIXO LQ DWWUDFWLQJ VXEVWDQWLDO
DGGLWLRQDOUHYHQXHV
7KH SHUIRUPDQFH RI DFDGHPLF HQWUHSUHQHXUVKLS FDQ KDYH
GLIIHUHQW GHWHUPLQDQWV WKDW LQFOXGH ERWK HQWUHSUHQHXULDO
H[SHULHQFH DV ZHOO DV SULYDWH VHFWRU H[SHULHQFH RI WKH
DFDGHPLFIDFXOW\>@%RWKWKHVHIDFWRUVKDYHEHHQIRXQGWR
FRQWULEXWH SRVLWLYHO\ WR WKH GHYHORSPHQW RI EXVLQHVV LGHDV
EDVHG RQ UHVHDUFK DQG IXUWKHUPRUH UHVHDUFKEDVHG EXVLQHVV
LGHDJHQHUDWLRQDSSHDUVWRLQFUHDVHDWDIDVWHUUDWHIRUIDFXOW\
PHPEHUVWKDWKDYHSULYDWHVHFWRUZRUNH[SHULHQFHDQGZKRVH
SRVLWLRQV HQFRPSDVV PRUH WLPH GHGLFDWHG IRU UHVHDUFK  ,Q
VRPH FRXQWULHV JRYHUQPHQWV KDYH HVWDEOLVKHG VXSSRUW
SURJUDPV WKDW SURPRWH UHVHDUFK FRPPHUFLDOL]DWLRQ DQG
SURYLVLRQRIVXFKIXQGLQJFDQKHOS WRDFFHOHUDWH WKH WUDQVIHU
RI WHFKQRORJ\ IURP XQLYHUVLWLHV WR LQGXVWULDO RUJDQL]DWLRQV
+RZHYHU WKHUH LV VWLOO D QHHG WR GHYHORS DSSURSULDWH
LQGLFDWRUV WKDW DUH DEOH WR VXSSRUW WKH PHDVXUHPHQW RI




8QLYHUVLWLHV DUH LQFUHDVLQJO\ EHLQJ VHHQ DV KDYLQJ
VWUDWHJLF UROHV LQ WKH JOREDO NQRZOHGJH HFRQRP\ DQG WKLV
LQFOXGHVDQDELOLW\WRLQIRUPLQIOXHQFHDQGFRQWULEXWHWRWKH
GHYHORSPHQWRISROLF\RQD UDQJHRIGLIIHUHQW VFLHQWLILF DQG
HQJLQHHULQJVXEMHFWVVXFKDVHQHUJ\KHDOWKFDUHVHFXULW\DQG
RWKHU VRFLHWDO FRQVLGHUDWLRQV  8QLYHUVLWLHV FDQ WKHUHIRUH EH
YLHZHG DV FRQGXLWV WKDW ERWK RQ DQ RUJDQL]DWLRQDO DQG
LQGLYLGXDO LH DFDGHPLF IDFXOW\ PHPEHU OHYHO DUH DEOH WR
SDUWLFLSDWH LQSROLF\GHYHORSPHQW IRUZLGHU VRFLHWDOEHQHILWV
WKDW DUH EH\RQG WKH SULPDU\ UHVHDUFK DQG HGXFDWLRQ EDVHG
DFWLYLWLHVFDUULHGRXWDWWKHXQLYHUVLW\>@
,QDGGLWLRQWRHVWDEOLVKLQJOLQNVZLWKLQGXVWU\XQLYHUVLWLHV
DQG LQGLYLGXDO DFDGHPLFV GR XQGHUVWDQGDEO\ KDYH H[WHQVLYH
LQWHUDFWLRQVZLWKSXEOLFVHFWRURUJDQL]DWLRQV,QGHHGUHVHDUFK
LQWKH8QLWHG.LQJGRPKDVHVWLPDWHGWKDWRYHUDOODURXQG
RI DFDGHPLFV HQJDJHZLWK WKHSXEOLF VHFWRU DQG WKHJUHDWHVW
DUHDRILQWHUDFWLRQLVLQWKHKHDOWKFDUHDUHQDWKDWLQFOXGHVWKH
8.¶V1DWLRQDO+HDOWK6HUYLFH>@
$FDGHPLF UHVHDUFK LWVHOI FDQ RI FRXUVH LQIRUP SROLF\
GHYHORSPHQW DQG WKH DELOLW\ WR SURYLGH HYLGHQFHEDVHG
DQDO\VLV WKDWSURPRWHVDQDO\VLVDQGGHEDWHRIVRFLHWDO LVVXHV
LV DQ LPSRUWDQW REMHFWLYH LQ PDQ\ DUHDV RI UHVHDUFK  )RU
LQVWDQFH WKURXJK FRQWULEXWLQJ WR WKH SXEOLF GHEDWH RYHU WKH
VLWLQJ RI UHQHZDEOH HQHUJ\ 5( IDFLOLWLHV ZKHUH WKHUH LV
RIWHQ SXEOLF UHOXFWDQFH WR LQYHVW LQ VXFK IDFLOLWLHV WKDW FDQ









RI WUDMHFWRULHV WKDWXQLYHUVLWLHVDUHDEOH WRSXUVXH LQRUGHU WR
XQGHUSLQ WKH ORQJWHUP VXVWDLQDELOLW\ RI WKH DFDGHPLF
LQVWLWXWLRQV ZLWK D SDUWLFXODU HPSKDVLV RQ 67(0 VFLHQFH
WHFKQRORJ\ HQJLQHHULQJ DQG PDWKHPDWLFV DUHDV  7KURXJK
FRQVLGHULQJ WKH QLQH VWUDWHJLF RSWLRQV WKDW KDYH EHHQ
GHVFULEHG LW LV HYLGHQW WKDW WKHUH LV D QHHG IRU IXUWKHU
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+LJKHU HGXFDWLRQ LQVWLWXWLRQV SOD\ DQ LPSRUWDQW UROH LQ
HFRQRPLF DQG VRFLHWDO GHYHORSPHQW VSDQQLQJ WKH SURYLVLRQ
RI HGXFDWLRQ GHOLYHU\ RI UHVHDUFK DV ZHOO DV NQRZOHGJH
H[FKDQJH ZLWK NH\ VWDNHKROGHUV LQFOXGLQJ LQGXVWULDO
FRPSDQLHV7KLVSDSHUKDVSURYLGHGDGHWDLOHGDQDO\VLVRIWKH
SRWHQWLDO VWUDWHJLF RSWLRQV WKDW DUH DYDLODEOH WR XQLYHUVLWLHV




ILQGLQJV IURP DQ H[WHQVLYH OLWHUDWXUH UHYLHZ IRFXVHG RQ
XQGHUVWDQGLQJ WKH DFDGHPLF LQVWLWXWLRQDO ODQGVFDSH  7KLV
OLWHUDWXUH UHYLHZ IRFXVHG RQ WKH FDVH RI XQLYHUVLWLHV LQ WKH
8QLWHG .LQJGRP 8. WKURXJK FRQVLGHULQJ ILQDQFLDO WUHQGV
ZKLFKZDVGHYHORSHGIXUWKHUWRGLVFXVVEURDGHULVVXHVIRUWKH
DFDGHPLF LQVWLWXWLRQDO ODQGVFDSH DQG HVSHFLDOO\ UHODWHG WR
VFLHQFH WHFKQRORJ\DQGHQJLQHHULQJ $OWKRXJK WKH UHVHDUFK
LV JURXQGHG RQ WKH HFRQRPLF DQG ILQDQFLDO FRQGLWLRQV IDFHG
E\ XQLYHUVLWLHV LQ WKH 8. WKH DXWKRUV IHHO WKDW WKH LQVLJKWV





GRPDLQ EDVHG GHYHORSPHQW RI QLQH VWUDWHJLF RSWLRQV ZKLFK
KDYH EHHQ XQLTXHO\ FODVVLILHG DFFRUGLQJ WR WKH IUDPHV RI
DQDO\VLV  7KLV DSSOLFDWLRQ RI :'$ DQG WKH FRUUHVSRQGLQJ




LGHQWLILHG DUH QRW VXSSRVHG WR UHSUHVHQW WKH HQWLUHW\ RI
GHYHORSPHQW RSWLRQV IRU XQLYHUVLWLHV  5DWKHU WKH
LGHQWLILFDWLRQ RI WKH QLQH RSWLRQV LV DQ DWWHPSW WR GHULYH
VSHFLILF DQG SUDFWLWLRQHURULHQWHG DSSURDFKHV WKDW FDQ EH
SXUVXHG E\ XQLYHUVLWLHV FRQFHUQHG ZLWK WKH ORQJ WHUP
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VXVWDLQDELOLW\ RI WKH LQVWLWXWLRQ LQ UHJDUG WR WKH DGRSWLRQ RI
,&7 DQG LQ UHODWLRQ WR WKH VFLHQFH DQG HQJLQHHULQJ VXEMHFWV
7KH LQVLJKWV GHYHORSHG LQ WKLV SDSHU ZLOO EH SDUWLFXODUO\




WKH QLQH VWUDWHJLF RSWLRQV FRXOG LPSDFW RQ WKH RSSRUWXQLWLHV
DQG ULVNV WKH\ IDFH EXW WKH\ VKRXOG DOVR FRQVLGHU RWKHU
RSWLRQV WKDW PD\ EH DOLJQHG WR WKHLU SDUWLFXODU VHW RI
FKDOOHQJHVDQGLVVXHVWKDWQHHGWREHDGGUHVVHG
$VGLVFXVVHGSUHYLRXVO\XQLYHUVLWLHVDUHSUHVHQWHGZLWKD
QXPEHURI FKDOOHQJHV UDQJLQJ IURP UHVSRQGLQJ WR FKDQJLQJ
HFRQRPLF FRQGLWLRQV DQG D WLJKWHQLQJ IXQGLQJ FOLPDWH
WKURXJK WR RSSRUWXQLWLHV DVVRFLDWHG ZLWK QHZ WHFKQRORJLHV
5HVSRQGLQJ WR WKHVH FKDOOHQJHV DQGRSSRUWXQLWLHV UHTXLUHV D
KROLVWLF DSSUHFLDWLRQ RI WKH LVVXHV DQG ULVNV DFDGHPLF
VWUDWHJ\ GHYHORSPHQW DFFRUGLQJ WR HGXFDWLRQ UHVHDUFK DQG
NQRZOHGJH H[FKDQJH DIIRUGV VXFK D EURDG YLHZ  7KH QLQH
VWUDWHJLFRSWLRQVDPSOLI\WKLVEURDGVFRSHWKURXJKLQWHJUDWLQJ
VRFLDO WHFKQRORJLFDO HFRQRPLF OHJDO DQG SROLWLFDO
FRQVLGHUDWLRQV7KHUHDUHDOVRRYHUODSVWKRXJKEHWZHHQVRPH
RI WKH GULYHUV HJ UHVHDUFK H[FHOOHQFH DQG XQLYHUVLW\
LQGXVWU\UHVHDUFKFROODERUDWLRQRUPXOWLGLVFLSOLQDU\UHVHDUFK
FHQWHUV DQG LQIRUPLQJ SROLF\ GHYHORSPHQW ZKLFK IXUWKHU
XQGHUVFRUHV WKHFRPSOH[QDWXUHRI VWUDWHJ\GHYHORSPHQW IRU
XQLYHUVLWLHV
7KH FRQFHSWXDO DQDO\VLV SURYLGHG LQ WKLV SDSHU KDV EHHQ
OLQNHGH[WHQVLYHO\ZLWKVXSSRUWLQJOLWHUDWXUHDQGDGHOLEHUDWH
DWWHPSW KDV EHHQ PDGH WR LQFOXGH YHU\ UHFHQW OLWHUDWXUH
FLWDWLRQV LQRUGHU WR UHIOHFW WKH µVWDWHRI WKHDUW¶ LQ UHJDUG WR





WR & DV ZHOO DV WKH REMHFWUHODWHG SURFHVVHV LQ WKH :'$
WKLVLV'WKURXJKWR'7KHDQDO\VLVIUDPHVHPSOR\HGDQG
FRUUHVSRQGLQJFODVVLILFDWLRQVXVHGLQWKLVSDSHUDOVRSURYLGHD
WD[RQRP\ WR FKDUDFWHUL]H WKH VWUDWHJLF RSWLRQV LGHQWLILHG
ZKLFK FDQ EH IXUWKHU DGDSWHG DQG DSSOLHG DW GLIIHUHQW
DFDGHPLFLQVWLWXWLRQV
7KH OLPLWDWLRQV IRU WKLV SDSHU OLH ZLWK LWV FRQFHSWXDO
DSSURDFK DOWKRXJK WKH VXEMHFW PDWWHU LV EURDG DQG FRPSOH[
DQG LQ RUGHU WR SURSHUO\ XQGHUVWDQG WKH G\QDPLFV WKDW
FRQWULEXWH WR DFDGHPLF VWUDWHJ\ GHYHORSPHQW WKH DXWKRUV
EHOLHYH DQ LQLWLDO FRQFHSWXDO DSSURDFK LV UHTXLUHG WR
DGHTXDWHO\DGGUHVVWKLVFRPSOH[LW\7KHUHIRUHIXWXUHZRUNLV
SURSRVHG WKDW ZLOO DOORZ D PRUH GHWDLOHG LQYHVWLJDWLRQ RI
DFDGHPLFVWUDWHJ\GHYHORSPHQW7KLVLQFOXGHVDGGUHVVLQJWKH
DUHDV IRU IXUWKHU LQYHVWLJDWLRQ LGHQWLILHG LQ 7DEOH 
0RUHRYHU WKLV SDSHU KDV XWLOL]HG D V\VWHPV DSSURDFK EDVHG
RQ D QRYHO DSSOLFDWLRQ RI ZRUN GRPDLQ DQDO\VLV DQG LW LV
SURSRVHGWKDWIXUWKHUDSSOLFDWLRQRIV\VWHPVPHWKRGRORJLHVLV
HPSOR\HG LQ RUGHU WR HQVXUH DOO WKH FRQWULEXWLQJ IDFWRUV DUH
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